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PROJECT SUMMARY

This report marks the completion of a more than three-
yvear relationship between Lawrence Berkeley Laboratory (LBL)
and the subcontractor, Smith, Hinchman & Grylls Associates,
Incorporated (SH&G).

The major task under this subcontract was the develop-
ment of a computer program that would predict the performance
of controlled lighting systems with respect to their energy-
saving capabilities. Paralleling the work at SH&GE on the
development of the computer program, two site installations
were being set up and monitored by LBL. A low-voltage switch-
ing system was installed on the 58th floor of the World Trade "~
Center in New York, NY, and a dimming system was installed
at the Pacific Gas and Electric building in San Francisco, CA.
SH&G played a consulting role for these field installations,
insuring that the physical measurements taken were meaningful
and could be used to assess the accuracy of the computer
model being developed. ‘Long-term real physical measurements
have not been completed. Thus the program cannot yvet be ver-
ified for a full year compared to actual physical measurement.
Several trips were made to both sites throughout the course
of this project to review the installations and to discuss
progress being made at SH&G and LBL.

Principal SH&G personnel performing the contract work
were Mr. Martin McCloskey and Mr. Steven Stannard. LBL's
technical expert on the project was Mr. Francis Rubinstein,
under the supervision of Dr. Rudy Verderber. ‘



I CONCEPTUAL FRAMEWORK OF THE PROGRAM
INTRODUCTION

As the cost of energy continues to increase, sophisti-
cated lighting control systems designed to minimize energy
consumption are proving more cost-effective. If a designer
is to evaluate the performance of lighting control systems
for their energy-saving capabilities, an unbiased mathematical
model which compares different control systems on an egual
basis is an important tool. The purpese of the computer pro-
gram described in this report is to provide that model.

In theory, a lighting control system which continuously
moriitors the available artificial and natural light within a
space and supplies only the power required to provide light
to meet some specified criteria illuminance level, and no
more, should be able to optimize the energy-saving capabili-
ties of that lighting control system. Because of the poten-
tial for constantly varying power consumption due to this
Equi-Illumination Dimming (EID) system, the computer is ems
ployed to help in modeling the performance of these types of
systems. '

The computer program discussed here provides a mathemat-
ical model from which comparisons can be made, on an economic
basis only, of how different systems perform. The program
does not calculate daylighting, but rather uses daylighting
values as input. Just as with any model, results obtained
can only be as reliable as the input used to generate these
results. Calculations can also be done on simple control
systems which do not respond to daylighting.

The program analyzes control schemes exclusively on an
economic basis, considering only the energy consumed directly
by the lighting system. No attempt has been made to account
for any additional savings realized in HVAC systems when
lighting systems are controlled. The program makes no state-
ment about the user acceptance of lighting control systems
or about the aesthetic gualities of the use of daylighting
within interior spaces.

The major components of the program are discussed in this
documentation. Several examples are included to explain how
to run the program.
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SYMBOLS AND VARIABLES

A value in footcandles which is the criterion
jilluminance value to be maintained over some
specified time span. This level is to be
maintained by the combined contributions of
natural and artificial light.

A value in footcandles which is the amount of
natural light available from daylighting con-
tributions at any point in time. A continuous
curve of this wvalue is constructed from a few
input data points for three days during the
vear.

Equi~Illumination Dimming is the concept of
lighting control systems for which this pro-
gram was particularly developed. A sensing
device monitors all available light within a
space. As E_ increases or decreases, the
light output and consequently the power input
of the artificial lighting system is altered
to maintain a specified criterion illuminance
value.

Maintenance Factor. A number expressing the
combined effect of all factors contributing
to a decrease in total light output of an ar-
tificial lighting system over time. Year-end
values for a five-year period are expected
input.



THEORETICAL BASIS OF PROGRAM

A paper written by Mr. Steven Stannard entitled "An
Economic Znalysis of Supplemental Skylighting for Industrial
and Office Buildings", which appeared in the July, 1979 issue
of the Journal of the Illuminating Engineering Society served
as the theoretical basis for this computer program. Certain
additions and deletions have been made in what now constitute
the final mathematical model used, and these changes will be
discussed herein. '

Power Input vs. Light Output Relationship

The program can analyze any one of three power input vs.
light output relationships: continuous dimming with a linear
response, continuous dimming with a non-linear response, or
discrete stepped response. The linear case is treated as in
Stannard's paper, with the maximum and minimum values of
power input and light output being all that is needed to
describe the complete relationship. Non-linear response is
described by linear interpolation between ordered pairs of
power vs. light which describe the curve, and the stepped
response also consists of a number of ordered pairs. Any of
these options can be used with or without daylighting, and
thus, there are six distinct modes of control system operation.

Daylighting Curve Fitting Over a Day

A sin series of the form shown in the paper is still
used to fit the input daylight values over the course of a
day. At the user's discretion, more than three values can be
used to build the curve. It is assumed that solar sunrise
and solar sunset have values of Ej = 0 so that if three values
are input, a total of five points are available to construct
the curve.



Describing a Control Scheme

A complete control scheme for some given space may have
up to seven different control days that are assumed to occur
each week throughout the year. A control day consists of a
unique Eo histogram and an associated energy cost rating
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block structure for that day. The constraint of one criterion ~

value from start to stop is no longer necessary, and any
combination of time blocks with varying values of E; can be
specified and analyzed.

Daily Energy Consumption

In determining total daily energy consumption for a day,
one needs to know the power required to supply some level of
aritificial illuminance and the times interval that that
power is required. The method of Fourier series integration
which was used to get the total energy value as the "area
under the curve" proves too cumbersome when multiple Eg
blocks are allowed, and a slightly different approach has
been taken. The algorithm now used for each control day can
be described as follows: &Each separate time block specified
with its unigue E. and dollars/KWH value is divided up into a
number of smaller equal time zones (currently 50). Through-
cut any block, a constant Eg value and cost/KWH value exist,
by definition. 1If daylighting is present, the Ep curve is
interpolated at the center of each small time zone to get. a
value of Ep available during that time zone. Knowing this
value and the required E., E; - Ep becomes the amount of
light which must be supplied by the artificial lighting
system. Knowing the power input vs. light output relation-
ship, the amount of power required to supply this level can
be calculated and knowing the time increment, the energy
follows directly. Moving from zone to zone across the time
scale for the entire day enables the total energy value for a
particular control scheme day to be calculated. This wvalue
is then weighted by the total number of days per week that
that particular control scheme is used.

This same process occurs of each separate control day
and the weighted sum of all such control days becomes the
representative daily energy consumption value for that day.
This process occurs for four days during the year when day-
lighting is present; March 21, June 21, September 21, and
December 21.



Maintenance Factor

As light output depreciates over time, more power is
required to provide a specified value of aritificial illumi-
nance, and thus, the maintenance factor plays a part in total
energy consumption and the costs associated with it. The
effect of maintenance factors is treated as described in
Stannard's paper for all control system modes except one. In
the case of stepped control response where no daylighting is
present, the maintenance factor is not considered. Such
systems usually respond to a specified power input -scheme and
stepping to higher levels of light as the system depreciates
below original E. values is not done.

Yearly Energy Consumption

As elaborated in the enclosed paper, total energy con-
sumption values for the solstices and equinoxes serve as the
data points to build a curve of yearly energy patterns. From
this curve the technique of Fourier series integration can be
used to give monthly or yearly values of energy and operating
costs. As daylighting conditions can be broken up into clear
and cloudy days, a separate curve is generated for each con-
dition and weighting factors on a monthly basis are used to
determine the net effect.

Economic Analysis

The program now incorporates a life cycle cost model to
enable the designer to compare different systems on an
economic basis. Yearly operating costs are calculated in
conjunction with energy consumption values, and the operating
costs of the base and controlled systems are known. In ad-
dition, initial costs associated with a control system can be
specified, as well as a salvage value of the equipment at the
end of its economic life. Present Worth and Savings Invest-
ment Ratio techniques are employed-to give two separate me thods
of economic comparison of a controlled lighting system against
baseline conditions.



Summary

The main theoretical concepts presented in Stannard's
original work have been incorporated and expanded upon in
this computer program. The uncertainty of the reasonableness -
of only three daylight values being used to describe the
entire day has been removed by allowing for more input points.
It remains to be seen whether only four days of information
per year are enough to describe yearly variations. Ongoing
field tests to gather actual measurements will help in that
assessment, and even if more days are deemed necessary, the
basic theory remains the same.



ASSUMPTIONS USED IN THE COMPUTER MODEL

There are several assumptions used in this computer
model which the user must be aware of in preparing to do
analysis. These assumptions are listed in order of impor-
tance with respect to their effect on producing useful
results.

1. The Creation of E. Histograms for Control Schemes, and
Corresponding Input Values of Ep are Meaningful and Relate
to the Same Senscr Point or Area in the Controlled Space.

The theory of an Equi-Illumination Dimming (EID) control
system is that somewhere within the space there is a sensor
which monitors available light, both artificial and natural
and supplies information to the artificial lighting system as
to how much light (and, thus, power) is reguired to maintain
a certain criterion level Es of illuminance. Often the sensor
cannot be placed directly at the location where constant
illumination is desired, such as on a desk top. The sensor
need not necessarily be at the location of the desired Eg,
but what must occur is that the relationship between what the
sensor reads and the variation in the light level at the
actual point of concern must be a linear relationship. 1If a
sensor looks at the variation in wall luminance, for instance,
changes in that value must relate to a proportionate change
which would occur at the actual point of concern. For example,
if the sensor monitors 70 footlamberts when there are 70
footcandles provided on the desk surface where a constant
level is desired, the sensor should monitor 10 footlamberts
when there are 10 footcandles on the desk surface.

Related to this is the requirement that all specified
values of Eg, calculated values of Es, and the value of maxi-
mum artificial illuminance available must all relate to the
same point or group of points. If the sensor monitors what
happens on a desk surface, the criterion illuminance histo-
gram should be constructed for that location, daylighting
calculations, if needed, should be done to give En values at
that location, and the value of maximum artificial foot-
candles available should also be at that location. One can-
not expect an accurate model of the performance of the
control system if all of these parameters do no relate to the
same point in space. If the user remembers that according to
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the EID theory, every Ep footcandle available will directly
replace the need for some artificial lighting and, conse-
guently, the power required to supply that light, then this
assumption should not present any problems to the user.

Note: Although throughout this report the EID system is
being discuszed in terms of providing constant values of
classified footcandles, this is more of a practical
requirement than a theoretical one. If the mechanisms
were available which could maintain constant visibility,
for instance, or constant Visual Comfort Probability
(vCP), then the model of this program could still be
used but put in terms of this other parameter rather
than footcandles. It is felt that for the foreseeable
future, EID systems based on classical footcandles will
be the most common types of systems.

2. Control System Respconse to Changes in Eq is Instantaneous,

and Actual System Response Follows the Specified Power Input
vs. Light Qutput Relationship Exactly.

This is partly an assumption and partly the nature of
the exaciness of the computer model which will not be real-
ized in actual physical conditions. 1If an E, histogram shows
a step function of 50 footcandles up until 10:00 a.m., and
then jumps to 70 footcandles, the power requirements associ-
ated with that jump will also occur instantaneocusly and
energy calculations will be based upon this change. With a
real system, there would be transition time in going from one
step to the next and, therefore, measured energy consumption
will probably not match predicted energy consumption exactly.

Secondly, the curve which expresses the power input vs.
light output response is an ideal expression which will not
always be realized in the actual physical condition. The
model assumes that the power required to produce a certain.
level of artificial light to meet some specified Eg will
always be supplied correctly with no variation from the curve
given. Again, real world conditions will probably not behave
as precisely, and so predicted energy savings will vary some-
what from that physically measured.

3. Assume That 4 Days Worth of Daylighting Information is
Suitable to Describe the Effects of Daylighting on Total
Energy Over the Course of the Year.




This assumption cannot be addressed specifically at this
time because long term field measurements have not been taken.
With data for September 21 being identical to that for March
21, only three days of information actually have to be calcu-
lated. Since for each day of daylighting analysis at least
three daylighting calculations for both clear and cloudy
conditions must be generated, it is hoped that the current
model proves adequate. Presently, even a simple run of the
program with daylighting requires 18 daylighting calculations,
and if number grows too large, the work involved to run the
program may be prohibitive. :

4. Maintenance Factors are Assumed to Vary in a Linear
Fashion Throughout the Course of Any One Year.

As discussed in the section on the scope of work for
this project, a curve fitting technique for maintenance
factors was not deemed necéssary. It is felt that the
assumption of linear variation over the course of the year
will pose no problem in program accuracy, and the added
flexibility of having easily input intermediate maintenance
factors within the five year period of analysis adds to the
capabilities of the program. '

5. g Clear Sky Input Values Assume Clear Sky Conditions
with the Remainder Being a Cloudy Sky Condition.

Partly cloudy daylighting conditions cannot be calcu-
lated accurately at present, and thus, all daylighting is
assumed to fall into either the clear sky or cloudy sky con-
dition. An input parameter of % clear sky per month deter-
mines the weighting for each of these conditions. If and
when partly cloudy daylighting conditions can be calculated,
the program can be altered to accommodate this change.

~



DISCUSSION OF INPUT DATA

The program is set up to be able to operate in a com-
pletely interactive mode, where the user is at a remote
terminal supplying the needed information as requested, or to
be run from a data file which has been previously created. In
either case, familiarity with the order of input data re-
guired is needed, as is knowledge of what each value of input
means. To assist the user in this, each input prompt is
listed in order of appearance, followed by a brief discussion
of what that value means, and the most likely place to obtain
that information.

e ENTER UP TO 5 LINES TO BE PRINTED AS HEADING ON THE
- QUTPUT; NO MORE THAN 80 CHARACTERS PER LINE. ENTER A
BLANK LINE AT THE END IF LESS THAN 5 LINES

Rather self-explanatory, this input is simply a way of
putting an alphanumeric heading of the user's choosing at the
top ©of the output. For reference, it is helpful if the name
of the input file used is included in this information.

« AREA AFFECTED BY CONTROL SCHEME (SQ. FT.)

The total room floor area which is affected by the control
scheme is to be input in square feet. With this, system ‘
wattage and cost information can be input in on a per square
foot basis, which is the way this information is usually
available.

e WILL CONTROL SYSTEM UNDER CONSIDERATION BE CONTINUOUS
DIMMING OR STEPPED CONTROL?

Depending upon the power input vs. light output re-
lationship of the control system under analysis, an input of
either STEP or CONT is sufficient for this gquestion. De-
pending upon this response, the following information will be
asked of the power input vs. light output characteristics of
the control system.

o« (if stepped controi) NUMBER OF DISCRETE STEPS FOR WHICH
POWER INPUT VS. LIGHT OUTPUT RELATIONSHIP IS KNOWN
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From one to fifteen different sets of ordered pairs of %
power input vs. % light output can be input to describe this
relationship, and the number of steps should be input here.

« (if stepped control) INPUT ORDERED PAIRS OF POWER INPUT
AND LIGHT OUTPUT: POWER (%), LIGHT (%)

The ordered pairs need not be in any particular order
but, of course, must be in pairs to insure correct results.
For a stepped relationship, these percentage values should be
readily accessible from the technical literature describing
the control system characteristics. It is important to re-
member that these values be input as percentage values.

e (if continuous dimming) IS POWER INPUT VS. LIGHT OUTPUT
A LINEAR OR NON-LINEAR RELATIONSHIP

A response of either LIN or NON is sufficient for this
guestion. Depending on this response, the following infor-
mation will be asked of.the power input vs. light output
characteristics of the control scheme.

o (if linear) MAX. POWER iNPUT, MIN. POWER INPUT (%)

The end points of the curve for the linear relationship
are all that is required to describe the behavior of the
system throughout its range. Power input values are expected
at this time, and corresponding light output values with the
next question.

e (if linear) LIGHT OUTPUT AT MAX POWER, LIGHT OUTPUT AT
MIN POWER (%)

As described above, these values provide complete infor-
mation for the linear curve. This information should be
available from manufacturer's data.

—~

« (if non-linear) INPUT THE NUMBER OF ORDERED PAIRS OF %
POWER INPUT AND % LIGHT OUTPUT WHICH WILL BE USED TO
DESCRIBE THE NON-LINEAR RELATIONSHIP

X
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As was the case with stepped control, up to fifteen
different sets of ordered pairs of power input and light
output can be used, and the number of ordered pairs should be
input here.

e (if non~linear) INPUT ORDERED PAIRS OF POWER INPUT AND
LIGHT OUTPUT AVAILABLE: POWER (%), LIGHT (%)

It is from these ordered pairs of points that a curve is
constructed, using linear interpolation between input points.
The number of input pairs should be sufficient in number to
reasonably describe the non-linear nature of the curve. A
curve of this nature should by supplied by the control system
manufacturer. : _—

e MAXIMUM ARTIFICIAL ILLUMINANCE AVAILABLE (FC)

The space under consideration will have some lighting
system layout, and depending on the type of equipment, den-
sity of luminaires, etc, the light level at full ocutput will
vary. This value should be calculated for the layout within
the controlled space, and if sensor controls are involved,
should correlate with the sensor location. It is assumed
that this light level will be supplied initially under full
power input and light output conditions, and will depreciate
over time in accordance with specified year end maintenance
factor values.

e MAXIMUM POWER AVAILABLE (WATTS/SQ. FT.)

To convert percentage power values to actual wattage
values, this number is needed, and should be the wattage
loading at full light output.

. DOES CONTROL SYSTEM UNDER ANALYSIS RESPOND TO DAYLIGHTING?

A YES or NO response will indicate whether the control
system responds to natural illuminance in an Equi-Illuminance
Dimming (EID) mode.

Note: If davlighting is present, the following infor-
mation will be required.

~12-



« LONGITUDE OF SITE

The value of degrees longitude ranges from -180 to 180
and is necessary to convert from civil time to sclar time
when requesting calculated natural illuminance (Ep) values.
All input times to the program are in civil time, but Ep
values input are egually spaced around solar noon, with solar
sunrise and solar sunset being set to zero within the program.

« NUMBER OF TIME ZONES WEST OF GREENWICH

This value also plays a part in converting from civil
time to solar time when requesting daylighting input. A
table of these wvalues for the United States is included in
the program user's guide.

« % CLEAR SKY PER MONTH

Daylighting curves for both clear and cloudy sky con-
ditions can be analyzed in the program, and this value is
used as a weighting function on a monthly basis. Separate
calculations for total yearly energy consumptions are done:
for both clear and cloudy sky conditions, if present, and the
percentage contribution to monthly energy consumption due to
each of these conditions is determined with this value.

Percent clear sky information on a monthly basis are
available from various sources for typical climates through-
out the country.

e INPUT SKY CONDITIONS FOR DAYLIGHTING: CLEAR OR CLOUDY

As indicated, the word CLEAR or CLOUDY is expected here,
and either condition can be input first. When all data is
input for one condition, the program will prompt for similar
data for the other condition.

-

« NUMBER OF VALUES OF NATURAL ILLUMIANCE TO INPUT FOR EACH
DAY

13-



When building a curve to describe how the values of
daylighting vary over the course of a day, any odd number of
points can be used as input to build the curve. Whatever
number is specified must be used for all three days of
analysis, March 21, .-June 21, and December 21, for either
clear or cloudy conditions. The number of values of illumi-
nance input to build the curves may be different for the
clear and cloudy cases. '

e HOUR OF SUNRISE IN CIVIL TIME, MARCH 21

Input the time of sunrise in civil time for this data.
This value can be obtained from several sources for the site
location in question.

» NATURAL ILLUMINANCE AT: (TIMES LISTED)

Calculated values of En at the times indicated should be
input for the day in question. Daylighting calculations are
not done by this program but, rather, are eupected as input,
and can be done via hand calculations, compute simulation or
whatever method is deemed suitable. The values calculated
must correlate to the location(s) of sensors within the space
being controlled. An explanation of this requirement is more
clearly explained in a discussion of program assumptions
which appear in another portion of this report. This data is
also required for June 21 and December 21 days, for both
clear and cloudy sky conditions.

« HOUR OF SUNRISE IN CIVIL TIME, JUNE 21

Similar to information for March 21, and is also re-
gquired for December 21. This data is only required to be
given once, since either clear or cloudy sky conditions will
share the same sunrise valu=ss.

(end of optional daylighting input)

o« WILL SYSTEM BE MAINTAINED BEFORE THE END OF FIVE YEAR
CYCLE?

Year-end maintenance factors for a full five year period
can be input into the program to account for the depreciation
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over time of artificial illuminance. If some intermediate
maintenance will be done on the system within the five year
time span, the response should be YES, otherwise, the re-
sponse should be NO.

» (if intermediate maintenance) HOW MANY TIMES?
NOTE: CLEANING MUST OCCUR AT YEAR END

Up to four values of intermediate maintenance would be
physically possible, although in a practical application it
is doubtful whether there would ever be more than one occur-
rence of intermediate maintenance within the five year time
span.

¢ (if intermediate maintenance) AT THE END OF WHAT YEAR(S)
WILL THE SYSTEM BE MAINTAINED?

Indicate the year end for each time maintenance will be
done as specified in the previous input.

. INPUT MAINTENANCE FACTOR AT YEAR END FOR: YR 1, YR 2,
YR 3, YR 4, YR 5

A value, presumably less than 1.0, is to be input to
indicate total system depreciation at the end of each year
for the five year time span. If intermediate maintenance is
specified, these values input should be the year end mainte-
nance factor before year end maintenance takes place.

e (if intermediate maintenance) INPUT MAINTENANCE FACTOR
AFPTER INDICATED CLEANING AT END OF YEAR(S):

For those years when intermediate maintenance is to be
done, a maintenance factor after cleaning occurs must be
input. A graphical presentation of how these factors affect
the maintenance curve is shown in the program user's guide.

Maintenance factor values specified should indicate
total system depreciation due to lamp aging, dirt accumu-
lation, etc. This type of information is readily available
from the IES Handbook :0r some other reference source on
lighting.

15~



e NUMBER OF DAYS PER WEEK BUILDING LIGHTING SYSTEM IS
UTILIZED

An interger number between one and seven 1s expected
here, and the combination of all different control schemes
and their days of operation should add up to this total
value. If a building is not in operation on weekends, for
instance, this value would be five.

» NUMBER OF DIFFERENT DAILY CONTROL SCHEMES USED

From onhe to seven different control schemes described by
a unique Ec histogram and cost/kilowatt hour rate schedul --
can be input into the program. Each control scheme SDEC’LlEd
is assumed to occur on a weekly basis throughout the year.

For each separate control scheme, the following infor-
mation is required:

. HOURS OF CONTROIL SYSTEM OPERATION: START, STOP

Input start and stop times for each control system in
decimal hours with values from 0.0 to 24.0. All time blocks
with their respective Eg values must occur within these
specified time limits.

s OVERALL CRITERION ILLUMINANCE LEVEL

The most commonly occurring value of Eo within the start
and stop times can be input here, and any control blocks
which differ from this will be specified separately.

o« NUMBER OF DAYS OF THE WEEK CONTROL SCHEME IS IN OPERATION

This value is used as a weighting factor so that control
schemes which occur more than one day per week need only be
put in once. If a building was in operation seven days per
week and had one control scheme in operation during the week
and a different one on the weekend, the values of five and
two respectively would be input for this gquestion as each of
these schemes is being described.
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« INPUT TYPE OF CONTROL: TASK, OCCUPANCY OR LOAD

For convenience sake, an entire control scheme, or any
part of that scheme, could be attributed to a response to one
Of these three factors. The input requirements are identical
for TASK, OCCUPANCY or LOAD inputs, and these items can work
in conjunction with each other. If a given time block is
affected by more than one of these factors, the lastest input
takes priority, and thus, task is overridden by occupancy,
and occupancy by load.

Although the program will behave properly, however, the
total E; histogram is finally described, it does prove help-
ful if control scheme needs are thought of with respect to
these three factors of task requirements, space occupancy
scheduling, and load shedding demands, if they exist.

e NUMBER OF TIME BLOCKS WITH A SPECIFIC CRITERION ILLUMINANCE
LEVEL FOR SPACE SCHEDULING CONTROL

Within any one control scheme day, each time block which
has an E; value different from that of the overall criterion
illuminance value must be specified, and the number of those
blocks should be indicated here.

- START TIME, STOP TIME AND CRITERION ILLUMINANCE FOR EACH
BLOCK

For the number of time blocks indicated in the previous
input, these values must be specified. The entire set of
these blocks along with the overall value of Ec previously
input thus constitute one complete control scheme day. aAll
subsequent calculations for power needs and total energy
usage for the controlled system are based upon this infor-
mation.

« ENTER THE OVER COST/KWH (DOLLARS)

Similar in concept to the overall value of E., the most
commonly occurring value of the cost of energy should be
input here.

e ENTER THE NUMBER OF TIME BLOCKS WITH A DIFFERENT COST/KWH
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Up to three different energy cost rates can be input at
various times during the day to recognize an energy rate
structure which may have off-peak, on-peak, or other variable
costs throughout the day. :

¢ ENTER START TIME,
EACH BLOCK

STOP TIME AND COST/KWH (DOLLARS) FCR

The format of this information is identical to that for
specifying different values of Eo. It is not necessary that
time blocks for different E. values correlate with time blocks
of different cost/RKWH values. These two divisions can be
treated independently by the user, and are combined within

the program.

« COST TO DESIGN CONTROL SYSTEM (DOLLARS/SQ. FT.)

Often a forgotten
ated with implementing
Except for very simple
will be needed and the
This value, if present
square foot. )

‘item when considering the costs associ-
a control system is the design cost.
systems, some analysis and design time
owner will have to pay for these costs.

, should be expressed in dollars per

« COST OF CONTROL SYSTEM EQUIPMENT (DOLLARS/SQ, FT.)

For the total area being considered, all costs associ-
ated with the equipment for the control system should be
input. This value should account only for the additional

costs incurred because

of the control system, and not include

any costs which would be required whether the lighting system

was controlled or not.

As with system design costs, this

value should be expressed in dollars per square foot.

« COST TC INSTALL CONTROL SYSTEM (DOLLARS/SQ. FT.)

Installation costs, on a dollar per square foot basis,
which would occur due to having the control system, must be
input and should reflect only those differential installation
costs which would not occur if no control system was used.

« DIFFERENTIAL YEARLY MAINTENANCE COST OF CONTROL SYSTEM

(DOLLARS/SQ. FT.)
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An annual expense which relfects the difference in total
maintenance costs between a controlled and non-controlled
system. If it were the case that maintenance costs were
lower with the controlled system than a non-controlled system,
this value should be input as a negative amount.

e SALVAGE VALUE OF THE CONTROL SYSTEM AT THE END OF ITS
ECONOMIC LIFE (DOLLARS)

If the control system has any cash value at the end of
its useful life, that value can be indicated here. Often the
salvage value amount is too small to affect the economic
analysis. It is possible to have a negative dollar value
here if, for example, it costs money to remove the system at '~
the end of its economic life.

« ECONOMIC LIFE OF SYSTEM. (YEARS)

This value should be an integer and serves as the time
span for economic life cycle analysis. This could be the
l1ife of the control system hardware itself, or perhaps the
economic 1life of the building it is in. Consideration should
be given to the possibility of techinical advances in the
field of lighting controls which may make the econcomic life
of the system far shorter than its physical life.

¢« OVERALL INTEREST RATE

In any economic analysis, the cost of money should be
considered, and the prevailing rate of interest for invest-
ments is this value.
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II USER'S GUIDE

POWER INPUT VS. LIGHT OUTPUT OPTIONS

Any one of three different power input vs. light output
relationships can be used to express the characteristics of

the lighting control system.

This data is usually expressed as a percentage, and to
convert to actual power input and light output values, the
total area of the controllied space, the maximum artificial
footcandle level available and the watts per square foot
loading to provide that footcandle level are required input.
The three options available are: (1) discrete steps of power
input and light output; (2) continuous dimming where power
input vs. light output is a linear relationship; and (3)
continuous dimming where power input vs. light output is a

non-linear relationship.

Discrete Stepped Control

Up to 15 different ordered pairs ([%] power input, [%]
light output) can be input to describe this relationship. 1If
Ec for a time block does not match an input step, the next
higher value of power input and corresponding light output

will be used.

Continuous Dimming - Linear Relationship

The maximum and minimum values of the power input range
and the corresponding light output at those values must be

known. All values should be expressed in percent.



Continuous Dimming - Non-Linear Relationship

Up to 15 ordered pairs ([%] power input, [%] light out-
put) can be used to build a curve which describes this
relationship. The curve is formed by simple linear interpo-
lation between input points.

Figure 1 shows a sample curve for each of these three
options. The complete control system input which creates a

curve representing the actual conditions is shown in Figure 2.

$ Light
Output 100

&

70
60 1 e
50 -
40 - s
30 -
20 - ®
10

0 ; i 1 i i 7 i 3 7 1 % Power Input
0 10 20 30 40 50 60 70 80 90 100

Fig. l.a Discrete stepped relationship
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1.b Continuous dimming, linear relationship
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[ i i i { i i i [ i
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Fig. 1l.c Continuous dimming, non-linear relationship
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fc available
100 -~ -
90 S
80 =
70 -
60 -
50 -

40 A
30 //////
20 -

w7

0 ey s — ey » Total KW Input
0 .6 1.2 1.8 2.4 3.0
Fig. 2

Type of Control: Continuous Dimming - Linear
Area in Square Feet: 1,000

Maximum Power Input: 100%

Maximum Power Input: 20%

Maximum Light Output: 100%

Minimum Light Output: 10%

Max. Artificial Footcandles: 100

Watts/Sg. Ft. at Maximum: 3.0

Caution: If an Eq value is specified which extends beyond
the range that the control system is capable of providing,

the program will not give accurate results.
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CONTROL SCHEMES

Ee (fc)
100 -

90 .
80 - |

70 - '

60 - U
50 -

40
30
20

Time (hours)

Fig. 3 Sample E. histogram for a typical control day

The graph of Figure 3 could be thought of as an Ec histo-
gram over the course of a typical day for a controlled lighting
system. If there is no daylighting contribution into the
space, the artificial 1ighting'system alone will be controlled
to provide the criteria illuminance levels specified for the
time blocks shown. Compared against a baseline condition of
full power 'input over the entire day, the resultant energy
savings for the control scheme can be determined in a straight-
forward manner. B

If the contreol system responds to daylighting in an
equi-illumination dimming (EID) fashion, power consumption is
a continuously varying quantity which is monitored over the

hours of building operation.
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Up to seven different daily control schemes can be de-
scribed. It is assumed that the control scheme(s) input
occur on a weekly basis throughout the entire year. The
program is not set up to conveniently model an event such as
having the system turned off for one week in December, for
example, since yearly patterns are built up from day of the

week control schemes which occur every week of the year.

A typical control system may occur five days of the

week, with another pattern of control on weekends. This can _

be input conveniently by indicating the control scheme
characteristics with a weighting factor for the number of

days per week this particular scheme is in operation. -

The baseline condition is the energy consumed over the
hours of control system operation, from start to stop, with
the system power input set to provide the maximum artificial

illumination level for that entire time pericd.

Variations from the overall criterion illumination level
can be input to respond to: (1) Task criteria; (2) Occupahcy
;equirements; or (3) Load shedding. Start and stop times and
the E. for that time block or blocks are needed to describe
this behavior. The relationship of these three options is

best shown by the following simple example:

Assume that the building is in operation from 6:00 a.m.
to 6:00 p.m., with an overall criterion illumination
level of 70 footcandles. This condition is represented

by Figure 4.

—26_



Ec (fc)
100 -
90 A
80
70
60
50
40 A
30 T
20 7

Time (hours)

Fig. 4 General Overall Criterion of 70 fc from

| 6:00 a.m. to 6:00 p.m.

‘Task requirements are met by the overall criterion value
in the morning, but the nature of the task requires an
Ec of 90 footcandles from 1:00 p.m. to 5:00 p.m. This

is shown in Figure 5.

90 A
80 -
70
60 -
50 4~
40 -~
30 -+
20 A
10 -

Time (hours)

Fig. 5 Eg value of 90 footcandles from 1:00 p.m. until

5:00 p.m. to meet task requirements
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Building occupancy patterns are such that from 6:00 a.m.
to 7:30 a.m., 12:00 ncon to 1:00 p.m., and from 5:30
p.m. to 6€:00 p.m., a general light level of 35 foot-
candles is sufficient, as indicated by Figure 6.

50 - '
40 1

g 1
30 T
20 T
T

10 7
0 | R S B | = T Tt 1 1 1 1

0 6 7.5 12 13 17.5 18 24
Time (hours)

(L] i ¥

Fig. 6 Eg value of 35 footcandles at time blcocks shown

to meet building occupancy pattern

-

There is no load shedding control response for this
space. Figure 7 shows the combined effect of this
information and the resultant E; histogram for this
particular control scheme.
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100 A
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80 +
70
60 -
50 -
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10 7

P e S

Time

18 24

Fig. 7 Combined effect of overall E. value with

task and occupancy scheduling recuirements

The options of task, occupancy, or load are priocritized

as listed, with the last input E. overriding previous ones if

a time block is affected by more than one of these factors.
The only exception to this is that if by some chance load
shedding, to some level, say E; = 30, caused the power input
to increase to meet that E,, that input is ignored. This is
a guard against the remote condition when space occupancy or
task requirements are already below some load shedding level
which was to be accounted for during a given time block.

Note: All start and stop time blocks are to be specified

in decimal hours from 0.00 to 24.00.

~29.
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DAYLIGHTING RESPONSE

In some instances, a control system which monitors the
available natural light, Ep,, and alters the artificial light
accordingly to maintain a specific Eo, proves to be the most
cost effective control system. Such a system is often re-
ferred to as an Equi—Illuminatioh Dimming system (EID). It
is because of this type of system that this program was
written, as the continuously varying light level available
from daylighting does not lend itself to hand calculations.
Non-daylighting systems which could be evaluated by hand can,

of course, be handled easily by this program.

The mathematical model which formed the basis of this
program is elaborated in a péper entitled "An Economic
Analysis of Supplemental Skylighting for Industrial and Office
Buildings", by S. Stannard, which appeared in the Journal of
the Illuminating Engineering Society, July, 1979. The high-
lights of that model will be reviewed herein.

Daylighting Information for a Single Day

The curve expressing the available natural illuminance,
En, at a lighting control sensor device over the course of a
day is built by constructing a Fourier series from several
known values of E, at specific times of the day. The longi-
tude of the site and the number of time zones west of Green-
wich are needed to determine the solar sunrise time for the
location. Table 1 lists time zones west of Greenwich for

location in the United States. Solar sunrise and solar sun-
set assume Ep = 0, and input values of Ep are required at

equally spaced times between these values. If three input

data points are sufficient to describe the behavior of day-
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lighting throughout the day, then Epn values at solar mid-
morning, solar noon, and solar mid-afternoon must be known.

The nature of the Fourier series used to fit data requires an
odd number of input values, but any reasonable number can be

used. See Figure 8.

TABLE 1
Time . Time %Zone
Eastern Standafd Time 5
Central Standard Time 6
Mountain Standard Time 7
Pacific Standard Time 8
Hawaiian Standard Time ‘ 10
Eastern Daylight Time : 6
Central Daylight Time ’ 7
Mountain Daylight Time 8
Pacific Daylight Time 9
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En (fc)

J

100
90 7
80 7
70 -
60 7

30 7

207 /// 3
S ,

10 Time {(hours)

x . 2
0 5 8 12 15 16 19 24

Fig. 8 Example of a curve of Ey built from
3 input points with solar sunrise and

solar sunset defined to be zero

Appendix A discusses a "front end” computer program
which determines at what time of the day daylighting must be
calculated. This program can also interpolate at any time of
the day the value of Ep which the Fourier series constructs.
In this way, the user can test out the reasonableness of a
small number of daylighting points in describing the behavior
of available daylighting over the course of a day.

Daylighting Variations Over the Year

Fourier series curve fitting techniques are again used
to model the yearly variations of the energy consumed by an
EID system responding to daylighting. By inputting available
En values over the course of a day, the total energy consumed

by the system can be calculated for that day. Daylighting
) -33- '



data on March 21, June 21, and December 21 result in total
energy information data on these days of the year. September
21 data is egual to March 21 data, and thus, four points are
available to building a curve of anticipated variations in
total energy consumption throughout the year as that value is

altered due to the system's responses to available daylight.

Daylighting calculation techniques for clear sky or
cloudy sky conditions are well known, and both conditions can

be accounted for in the program, if appropriate. An input

parameter of % clear sky for each month of the year provides

for a proper weighting factor of the energy savings resulting

from clear or cloudy sky conditions.

The mathematical model discussed in Stannard's paper
employed Fourier series integration techniques to determine
the energy consumed throughout the day. That approach has
been abandoned because of the complexity of it when discon-
tinuities occur in the Ec histogram. A finite element
_approach has been used instead. Each time block with a
specific Eo value is divided up into a large number of equal
time increments. At the center of each time increment, the
E curve is evaluated to get the available Ep at that time.
Knowing the En available, and the Eg, the gquantity of arti-
ficial light needed to maintain Ec is determined, and the
resultant power to supply that light is calculated. Knowing
the power needed and the length of the time increment, the
energy required is then known. These values are added up
along the time line from start to stop to get the total
energy required for a given E. histogram-and corresponding

daylight condition.
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MAINTENANCE FACTORS

To maintain a specified Eg value as the artificial
lighting level available decreases over time due to lamp and
luminaire depreciation, more light and, consequently, more
power will be regquired. 1In order to account for the re-
sulting energy and cost increases, Year~end maintenance
factors (MF) for a five year period can be input. Linear
interpolation between year end values gives the appropriate
maintenance factor to be applied throughout the course of the
year. If cleaning and/or relamping occur before the end of
the five year period, adjusted maintenance factors can be
input to reflect this. The beginning of the five year period

is assumed to have a maintenance factor of 1.0.

Figure 9 indicates the maintenance factor curve over the
five year period if the year end maintenance factors are as
shown and intermediate maintenance at the end of the third

year will bring the system back up to a MF = .90.

MF

°
o O
L

Time (Years)

O = N W (62N » )RR |
1
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Year MF at Year's End

W N b
.

(prior to intermediate maintenance)

1%
-

~ G g oW

Fig. 9 Five year maintenance factor curve for the

year end values given

Maintenance factors are required input in all analysis
modes except for the stepped control, non-~daylight respcnée
mode. Practical usage of that type of control is typically
not designed to change the power input and light output to
meet a specified E; level as the system depreciates over

time.
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ECONOMIC ANALYSIS

Before a control system can be said to be effective in
saving energy, and ultimately dollars, it must be shown to be
a good investment. There are numerous ways to analyze the
economic performance of a particular system which requires a
certain expenditure initially to save money in the future,
and the well known technigues of Present Worth and Savings
Tnvestment Ratio are used here. These life cycle cost methods,
and others, are discussed thoroughly in any of several books.-
on engineering economy. The required input and the program
output related to economic analysis can best be seen by refer-

ring to the examples at the end of the user's guide.

Cost/KWwH Blocks

The operating cost of the lighting system,vexpressed in
dollars/KWH, may vary over the course of a day. The realis-
tic conditions of on-peak and off-peak energy costs can be
input with up to four different cost blocks being specified.
All subseguent economic analysis will account for these cost
differences. The effect of rate structures can also be
studied in their impact on the life cycle costs performance

of one control scheme over ancther.
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INPUT/OUTPUT CAPABILITIES

This program can be used either in the interactive time
sharing mode or by reading from a stored data file. When
operating in either mode, the user may elect to have his/her
responses stored into a data file for future use, or have the

output printed directly at the terminal.

An example of how these options are chosen when running

the program is shown below: -

IF DATA INPUT IS IN A DATA FILE, ENTER FILE NAME:
USERID/CATA/.../FILE
ELSE, LEAVE BLANK

IF YOU WISH YOUR RESPONSES TO BE SAVED INTO A FILE, ENTER FILE NAME
USERID/CATA/.../FILE

ELSE, LEAVE BLANK

=MCCLOSKEY/TYPICAL/INPUT

IF YOU WISH THE OUTPUT TO GO TO A FILE, ENTER FILE NAME.

USERID/CATA/.../FILE
ELSE, LEAVE BLANK
=MCCLOSKEY/TYPICAL/OUTPUT

If a file name is specified for input or output storage
which does not exist, the program will create the file for
the user. An empty file need not be created prior to running
the program. An example of the terminal response in this

situation is as follows:



IF YOU WISH YOUR RESPONSES TO BE SAVED INTO A FILE, ENTER FILE NAME
USERID/CATA/.../FILE

ELSE LEAVE BLANK

=MCCLOSKEY/EX1IN

A FILE HAS BEEN CREATED NAMED.

MCCLOSKEY/EX1IN

IF YOU WISH THE OQUTPUT TO GO TO A FILE, ENTER FILE NAME:
USERID/CATA/.../FILE

ELSE, LEAVE BLANK ‘
=MCCLOSKEY/EX10UT

A FILE HAS BEEN CREATED NAMED:

MCCLOSKEY/EX10UT -
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JOBSTREAM FLOW

The list below indicates the requiredAdata needed to run
the program. Data is listed in the order in which it must
appear. For the sake of clarity, Table 1 lists each piece of
data on a separate line, although data can be grcocuped in any
convenient manner in the actual jobstream. An asterisk at
the beginning of a line indicates that that data must start
on a new line. Data indented is opticnal arnd may or may not _

be required, depending on previous information.

TABLE 1
* Character string(s) for output report heading (up to
five lines)
* Area affected by control scheme (Sg. Ft.)
* Stepped or continuous dimmer control
(if stepped control)
* No. of steps for power input vs. light output
relationship
* Ordered pairs of: ([%] power input, [%] light output)
(1f continuous dimming)
* Linear or non-linear continuous dimming
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(if linear continuocus dimming)

*

(if non-linear continous dimming)

*

Control system response to daylighting (yes or no)

Maximum power input (%)
Minimum power input (%) |
Light output (%) at maximum powerk

Light output (%) at minimum power |

th

No. of ordered pairs of power input vs. light output
{

{ L

o\
[

Ordered pairs of: power input, [%] light output)

Maximum artificial illuminance (£c)

Watts/Sqg. Foot load at maximum artificial illuminance

(if daylighting)

o°

Longitude of site
Number of time zones west of Greenwich

Clear sky per month for: |

* January, February, March

® April, May, June

* July, August, September

* October, November, December

Sky coﬁditions - clear or cloudy

Number of input daylighting values

Hour of civil sunrise, March 21

vValues of natural illuminance on March 21
Hour of c¢ivil sunrise, June 21

Values of natural illuminance on June 21
Hour of civil sunrise, December 21

Values of natural illuminance on December 21
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(Values for other sky condition)

* Number of daylighting input values
* values of natural illuminance on March 21
* Values of natural illuminance on June 21
* vValues of natural illuminance on December 21
* System maintained before end of 5-year cycle (yes Oor no)
* How many times (Note: cleaning must occur at year
end)
* At the end of what year(s) will the system be

maintained

* Maintenance factors at year end: yr 1, yr 2, yr 3, yr
4, yv 5 '
* Maintenance factor after indicated cleaning at end

of year(s):

* Number of days per week system is ntilized

o

Number of different daily control schemes

* Hours of control systém operafion: start, stop
* Overall criterion illumination level

* Number of days control scheme in operation

* Type of control: task, occupancy or load

* Number of time blocks with specific Eg

*

Time block start time
Time block stop time
Ec for block

* Overall cost per kilowatt hour (dollars)
* Number of time blocks with cost differences
* Start time of cost block

Stop time of cost block

Cost/KWH (dollars) for time block
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Cost to design contfol system (dollars/sg.ft.)

Cost of control system equipment (dollars/sq.ft.)

Cost to install control system (dollars/sg.ft.)
Differential annual maintenance cost of control system
(dollars/sg.ft.)

Salvage value of control system

Economic life of system

Overall interest rate (%)
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EXAMPLES

Example 1

A single story, 12,000 square foot office building has a
uniform lighting layout throughout the space producing an
overall average of 75 footcandles at 2.4 watts/square foot.
There are no individual switches for lights, and all lights
are turned on at 7:00 a.m. when the first employee arrives
and are left on until 11:00 p.m. after final maintenance work

is done. The building will not be used on the weekends.

The power profile for a typical day is shown in Figure
1.1, . -

Ec (fc)
100 -
90
80
70 1
60
50 -
40 -
30 °
20 °
10

Time

0 7 23 24 (hours)

Figure EX1.1 Overall average of 75 footcandles with
all lights turned on.
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A control scheme utilizing three level switching, con-
trolled by time clocks is proposed which would respond more
realistically to building occupancy needs. Since the office
tends to be open late on Fidays, two different power profiles
are as shown in Figure EX1.2.

Ec (fc)
100 7

90 A
80 1
70 7
60 ~
50 7
40 7
30 7
20 7
10

O1ilrllllllllllltliiil"

0 7 12 13 23 ({hours)

Time

Figure EX1l.2a Ec histogram for Monday thru Thursday
schedule.
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1001
30 5
80 -
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40 7
30 7
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Olliflllllll‘leIIIBIIII Time
0 7 12 13 23  (hours)

Figure EX1l.2b Ec histogram for Friday occupancy schedule.
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All luminaires are three lamp 2' x 4' recessed fluorescent
troffers, and reductions in overall light levels will come
from simply operating these units at one, two or three lamp
output. Energy costs are at $.045/KWH, and control system
equipment costs are for an installed system, thus, no

separate installed costs.
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IF DATA IWPUT 15 IM A& DATA Flik, ERVLR Fooe HARE:
USERID/CATA/ . v /FILE '

fisg, LEAVE BLAMNK

TF YOU WISH fouf RESPOHSES TO KE Sabee INTO A FIlk, ERTER FILE MAME:
USERIN/CATA/ .. /r lLE :

ELIE, iLhavi BLARK

=ABLARAT IR

fi FILE HAS OEEM CREATED rinfibd:

JLBLAEXTIH :

IF YOU #I36 Tnc dUTPUT TO 60 (U & v ILE, EMTER FILE HAKE:
USERTL/CATA/ .. /FILE

SLEE, LEAVE BLANHK

=R ZEXTOUT

& FILE HAS BEEM CREATED HARED:

JLBL/EZTOUT

FHTER UF TO 5 LIMES TO BE PRIieD a3 6 AbASlHD Un 1HE OUTFUT
PO AURE THAN BO CraRACTERS FER LIHE ’
EXTER & Biant LINE AT THE ERD IF LESS THAH 3§ LINES

=R AARELL

wa gt LE CONTROL SCHERE WITH STeiFED CONTROL

=0 DAVLIGHTIAG

=F i ALBLAEZRITY

el

AREQ AFFECTED o CONTROL SCRERE (8B, FT.0

=200y

WILL COMTruL SYSTEH UHDER COASILERATION BE
COHTINUOUS DIHMIno OR STEFFED CORTRUOLE

EEtoif el

HUMBER OF DIluowETE STEFS FOR UHICH PUHER IHFUI
5, LIGHT OUTFUT RELATIONSHIP IS KHOUHY

THFUT 3 ORDERED PAIRS OF FOUER INPUT AN
LIGHT QUTRUT: POMER{X), LIGHT (X
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TIBUH ARTIFILiaL ILLUHIHAMCE AVATLAELE (FL)7

HAXTAUN rOUER AVATLABLE (UATTS/S0Q.FT.)T

=i, A4

NOES GOl ST81En UNDER ANALTSEIS EESFOWND 70 UATLIGHTIHGY
=l

Pt

MURBER OF BAYS FPER wiElk BUILDING LIGHT ind SYSTEH IS UTILIZEDY
=5
HUHBER OF DIFFERENT DAILY CONTROL SCHEMES USEDT

FOR COXTROL SCHEHE NUMBER 1

HOURS OF CudiroL 3VSBTEN OFERATIUM: START,HTOPY

=7 23

QUERALL CRITERTION TLLUMINATION LEVELTY

=75

NUWBER OF DAYS OF THE WEEE COHTROL SCHEME 1 IS5 IW OFERATIONT

=4

THEUT TYPE OF CONTROL: 1A%k, Ouilradly OR Lokl

=0 CU

NURBER oF JIHE BLOCKS WITH A SPECIFIC CRITERION ILiUHIMATION
LEVEL FOR SPACE OCCUFRAWHCY SCHEDULIHG CONTRLLY

w4

START TURE,STOF TIHE AMD CRIVERION TLLUHIMaATION FOR EACH BLOCKY
=7 07.% 50

=12 s ud

=175 1909 29

=19,% 23 2%

THPUT [YRPE OF COMTROL: TaSH, OUCUFANCY OR LODAD

DUERALL COST/RUHODOLLARSY®

=047

MUAGER OF TINE BLOCES WITH & DIFFCRENT COST/KWHT
=0}
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[0k CONTRUL SCHEME NUMBER 2

HOURS OF COHTROL SYSTEM OFERATION: START,STOFT

=703
QUERALL CRITERION TLLUHINATION LEVEL?

P

=7 .
HURLER UF biin ue THE wWecK CONTROL SCAkHi: 2 IS IW O iERATIONT

nz

THFUT TYFE UF COdThul: TASH, OCCUPAHCY OR LOAD

=CEU

HUMBER GLE (Lik ELUUKn WITH A SFECIFIC CRITERIUM PL A IHATION
LEYFL FOR GFACE OCCUFRdCY SCHEDULIHG COHTRLLY

=4

STakl Tine,310F TIRE AMD CRITERIOHN TLLUHINATION FOR EabH oLOCRY?
=7 Funoau
w12 13 50

=175 2105 59

=205 23 29
THFUT TYFE OF Cdeirdls TASK, OCCURANCY uR LOAD

QUERALL COST/KUH{BOLLARS)Y

=, 045

NUMBER OF TIHE BLOCKS WITH A DIFFERENT COST/KWHT
=)

CONTROL SYSTEM COST DATA:
COST TO DESIGH COMTROL SYSTEA(LULLARLBW.FT.)T
= U

T OF COHTROL =YsTEX EQUIFNEnT(DOLLARS/SO.FT.OY

a0
e

Vit EREHT Inl YEARLY MATHTENAHCE COST OF CodTROL SYSTEM(DOLLARS/SOLFT.)Y
Xy

SALUQGE UALUE OF ime COHTROL SV3iEd

4T THE EHD OF 115 FCONOAIC LIFE(DOLLARE}Y

ZEUHDHIE LIFE OF SYSTLrivYEARS)T

5$ERQLL THTEREST RATECOYT

=13
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EXAAFLE 1

SIHFLE COHTROL SCHEHME UITH STEFFED CUMTmlL

HO DAYLIGHTING
FILE: /LEL/EXTIM

Qa702781

COHTROL SYSTEM CH&RACTERISTICS

wicFRFED COHTROL: FOUER (L) LIGHT{Z)

34.0 4.0
§7.0 7.0
159.0 100.0

GRER BFFECTED bY COMIRGLE: 12000.00 S8, FELT

HAX1AUM ARTIFICIAL TLLURINAHCE: 75.0 FOOTCANILES

HAYTHUN FOMER INFUT: 2.4 WATTS/50.FT.

BUILDIHG 15 IH OFER&TION 5 DAVS Fhi WEEk

FUR GuiiikOL. SCHERE 0

FOR PRI S O HE 3 7 LR SR SRR o i i - 1

COMTROL SCHERE STARTS AT 7.00 AND S5TOFS AT 23.00
IN EFFECT 4 baty PEd WEEK

HET EFFECTIVE CUWTROL BiLOCKS SPECIFIED
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CRITERTGH FC WALUE

STip

g PTY
7.5C 12,00
12.00 13,690
13.00 1/.50
17,50 19.5¢

19,50 23,00

n
.

<
.
e )

Lrowd e g oLn
o 2
PR

R

[
£noelx
o«
[

FORE COHTROL suHEnE 2
$$$$$$$$$m$¢@¢$m$$@¢$

n

COMTROL SCHERE STARTS AT 7.00 ANO STOFS AT 23.00

1N EFFECT 1 Dais

Fee Wiei

RET EFFECT IV COMTROL BLOCKS SPECIFLED

START 5TOF

CRITERION FC VALUE

700 .50 20.0
.30 12,00 73,0

et
—
Led
-
L)
[
(#x
o)
L
<

5o

[as Bron-]
oo
¥
—
.
ohoLn ¥
[aCu )

e

u

<

Pa — -
Sisd R
M-

Lo

Pl

£3.00 25.0

—
.

brenoY AND COST FERFURHANCE COAFaRISON
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TOTAL DIFFEREATIAL WAINTENARCE COSTS/YEAR:

CONTROL AVailem SALVAGE YALUE A1 Epd OF LIFE:

ECONURIC LIFE OF SYSTEH: 10.00
GUERALL THTEREST RATE: 15,40

TOTAL KUH USEL  FOR THE ieén = Fali1.07
TOTAL kUWH SAVED FOK THE TEAR = 2503245.07
TGTAL COST FOR THE YEAR= 4480.09
JUTAL Cial SAVED FOR THE YEAR= P124.17

ANMUAL EHERGY CUSTS

YEAR BRSE SYSTEM

[ 50617

2 540417
3 G408 Qs

4 5404,17
5 5404.17
4 2406,17
7 5406.17
S406.17
5406.17

3404, 17

—
IS - I
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COHTROLLED SYSTEH
4230.00
4180.00
4330.00
4280.00
A4380.00
4280.00
429,00
4280.00
4280.00

4280.50



Toial PikSkEn!l wuRTH{PY) COSTS Anb
SAYINGS tdvESTHERT RATIO (SIR) AT VaRidUS DIFFERENTIAL
EHERGY RATE TWUREASES:

Al 0. L anUREASE/TEAR:

i BASE: 27132,
FU COATROLLED:  24/80.
S IR D.7

wJd el Aad
2
T—

Ar 3.0 L LHUREasE/YEAR:

FI4 BASE: 30986, 11
FU CONTROLLEL: A7032.90

iR 0.%6

AT 6.0 % INCREASE/YEAR:

FI} BASE: 39484,
FU CONTROLLED: 31394,
51K [P

~d~0

Loed £

AT 9.0 % IHCREASE/YEARR:

FU BASE: 40740.73
FU COMTROLILED: An0Ei.gg
51k 1.97

0 % IHCREASE/YEAR:

AT 12,

FUI BARE: 44881.53
FU CORTROLLED: 40415.52
21k 1.96

~0 L
[

AT V5.0 % THOREABE/TEAR:
P BrRoi: 34061,

Fi CONTROLLED: 46099.98
51IR 2041
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Example 2

A drafting area in a large commercial facility is
a test installation for a new type of lighting control
The system includes a retrofit fluorescent dimmer pack
ceiling mounted photo cell. The purpose of the system

maintain constant illumination in the space throughout

to be

system.

and a
is to

its

life. 1Initial power input and light output are below maximum

values, and increase as lamp lumen depreciation and luminaire

dirt depreciation occur. When the criteria illuminance value

can no longer be supplied at full light output, cleaning and_

relamping will be done and the cycle starts over. (See

Figure EX.2)

MFE

1.0 7
97 \\
.8
.70
.6
.5
.40
30T
.20
.10
0 : T , : 1 Time

0 1 2 3 - 4. 5 (years):
Figure EX.2 Graph of total light loss factor with

"a three year cleaning cycle.
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The area is 1,000 square feet with a constant illumi-
nance criteria of 110 footcandles. A three year cleaning
cycle is in effect with depreciation down to 70% light output
at the end of three years, thus, 160 footcandles initial must
be provided. The watts per square foot loading is 4.2 watts
per square foot. The power input vs. light output relation-
ship is linear in the range of concern. No other special
controls are planned, and the space is in operation 16 hours

per day, 5 days of the week. The energy cost is .055 dollars/KWwH.
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1F DATA THPUT IS IN A DATA FILE, ENTER FILE NAME:
USERID/CATA/.../FILE
ELSE, LEAVE BLANK

IF YOU WISH YOUR RESFOMSES TO BE SAVED INTO A FILE, ENTER FILE NAME:
USERID/CATAZ. .. /FILE

FLSE, LEAVE BELANK

=/LBLAEX24TN

A FILE HAS BEEM CREATED NAMED:

/LBL/EXZ2ATIH ,

IF YOU WISH THE OUTPUT TO GO TO A FILE, ENTER FILE NAME:
USERID/CATA/.../FILE

ELSE, LEAVE DLAMK

=/RLAEX2A0UT

A FILE HAS REEN CREATED NambD:

/LEL/ZEXZAOUT

ENTER UF T0 5 LINES TO BE FRINTED AS A HEADING ON THE OUTFUT;
MO NOKE THAN B0 CHARACTERS PER LIME

ENTER A BLANK LINE AT THE END IF LESS THAN O LINES

=EAAHPLE 2

=CONTINUOUS DIMMING - LINEAR RELATIONSHIF

=NO DAYLIGHTING

=FILE ¢ ZLBL/EXZAIN

AREA AFFECTED BY CONTROL SCHEWE (8Q. FT.)7
=1000

UILL CONTROL SYSTEN UNDER COMSIDERATION BE

COHTIHUGUS DINMING OR STEPFED CONTROL?

=CONT

IS FOWER IHPUT VS. LIGHT OUTFUT & LINEAR OR HONLINEAR RELATIONSHIF?
= TN ‘

MAX. FOUER TWPUT, MIN. POWER INPUT (X)7

=100 40

LIGHT OUTFUT AT MAX. FOUER, LIGHT QUTRPUT AT MIN. POMER(X)7
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=100 40

HAXTHUR ARTIFICIAL ILLUNINANCE AVAILADLE (FC)¥

=140

HAXITHUM FOUER AVAILAELE (UATTS/SQ.FT.)?

=4.2 '

DOES CONTROL SYSTEM UNDER ANALYSIS KESPOND TO DAYLIGHTING?
=0

WILL SYSTEM BE MAINTAINEU BEFORE THE END OF 5 YEAR CYCLEY
=YES :

HOU HANY TIMES? (HOTE: CLEANING HUST OCCUR AT YEAR ERL.)
=1

AT THE EMD OF WHAT YEAR{S) UILL THE SYSTEM BE MATHTAINED®
=3

IHPUT HAINTENANCE FACTOR AT YEAR END FOR: YR1,YR2,YR3,YR4,YRS
(NOTE: BEFORE YEAR END HAINTENANCE IS DONE)

=.9 .8 .7 .9 .8

INFUT MAINTENANCE FACTOR AFTER INBICATED

CLEANING AT END OF YEAR(S):YR3

=1.90

NUNBER OF DAYS PER WEEK BUILDING LIGHTING SYSTEH IS UTILIZED?
=5

NUMBER OF DIFFERENT DAILY CONTROL SCHEMES USED?

=1

FOR CONTROL SCHEHE HUMBER 1

HOURS OF CONTROL SYSTEM OPERATION: START,STOP?

=h 22

QUERALL CRITERION ILLUMINATION LEVEL?

=110

NUKEER OF DAYS OF THE WEEK CONTROL SCHEHE 1 IS IN OPERATIONY
=55

INPUT‘TYPE.OF CONTROL: TASK, GCCUPANCY OR LOAU

OVERALL COST/KWH(DOLLARS)?

=055

NUMEER OF TIHE BLOCKS WITH A DIFFERENT COST/KUH?
=0
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CONTROL SYSTEM COST DATA:
COST TO0 DESIGH CONTROL SYSTEM(DOLLARS/SQ.FT.)T

=0
COST OF CONTROL SYSTEH EQUIFHENT(DOLLARS/SQ.FT.)7
=.83

COST TO INSTALL CONTROL SYSTEH(DOLLARS/SQ.FT.)7
=17

RIFFERENTIAL YEARLY MAYNTEMANCE COST OF CONTROL SYSTEM(DOLLARS/SQ.FT.OT?
ggLUAGE VALUE OF THE CONTROL 5YSTEHM

AT THE ENL OF 175 ECONOWIC LIFE(DUOLLARS)?T

EgUNUHIC LIFE OF SYSTEM(YEARS)T

=12

U&ERALL INTEREST RATE(Z)T

=17



EXAMFLE 2
CONTINUQUS DIMMING - LINEAR RELATIDNSHIF
NO LAYLIGHTING
FILE ¢ /LBL/EX2AIN

06/04/81

CONTINUQUS DIMHING

LINEAR RELATIOHSHIF: HAXIMUM FOWER(Z): 100,
HIATHUN FOWER(Z): 30
MAXTHMUM LIGHT(XY: 100,
HINTHUH LIGHT(Y): 4

AREA AFFECTED BY CONTROLS: 1000.00 s@. FEEY

HAXTHUM ARTIFICIAL ILLUHIHANCE: 140.0 FOOTCANILES
HAXIHUM FOUER INFUT: 4.2 UATTS/8Q.FT,

HATHTENANCE FACTORS

AT YEAR END: TEAR HF
.90
.80
.70
.70 ) j
.80

L R S R
[ e I

HAINTENAHCE FACTOR
FOLLOUIHG YNTERHERIATE
CLEANING: ‘ 3 1.00
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BUTLDING IS IN OFERATION 9 DAYS FPER WEEK

FOR COMTROL SCHEHE 1
EREREEE B N R A i R R P

CONTROL. -SCHEME STARTS AT  6.00 AMD STOFS AT 22,00

IH EFFECT

DaYS FER UEEH

NET EFFECTIVE CONTROL BLODCKS SPECIFIED

START

S5TOF CRITERION FC VaLUE COST/KUH
22.09 110.0 0.05850

TEAR KUH USED
1 12714.17
2 14219.79
3 1613170
4 12714.17
3 14219.79

DESIGH CDS8TS: 0.

EQUIPHERT CO5T1S: 330.00

INSTALLATION COSTS: 170.00

TOTAL DIFFERENTIAL HAINTEHANCE COSTS/YEAR: 0.
CONTROL SYSTEM SALYVAGE VALUE AT END OF LIFE: 0.
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4805.83
3300.21
1388.30
1805.83
3300.21



ECONOHIC LIFE OF SYSTEH: 12.00
OYERALL INTEREST RATE: - 17,00

ANMUAL ENERGY COSTS

YEAR RASE SYSTEH CONTROLLED SYSTEH
1 963.60 499.28
2 963.60 782.09
3 263.40 887.24
4 963,460 499.28
] 983,40 782.09
b 763.60 837.24
7 963.69Q 699.28
8 983,60 782.09
g 763,60 - 887.24

10 763,40 4699.28
i1 763.60 782.09
12 963.40 BB .24

TOTAL FRESENT WORTH(FU) COSTS AND o
SAVINGS IRVESTHENT RATIO (SIR) AT VARTOUS DIFFERERTIAL '
ENERGY RATE INCKEASES:

AT 0. % INCREASE/YEAR:

U BASE: 4805.81
FU CONTROLLED: 4889.890
SIK -0.08

AT 3.0 % INCREASE/YEAR:

PU BASE: u5a3.23
FU CONTROLLED: 3504.33
¢.03

51R
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AT 6.0 % INCREASE/YEAR:
FU BASE:
FU CONTROLLED:
SIR

AT 9.0 1 THCREASE/YEAR:
Pl RASE:
PU COHTRDILLED:
SIK

AT 12.0 % INCREASE/YEAR:
PlJ BASE s
FU COHTROLLED:
51K

AT 15.0 % INCREASE/YEAR:
P BASE:

FY CONTROLLED:
SIK
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64446,05
6240, 41
0.21

7517.01
7124.61
0.39

8804.44
813%.21
(.42

1035
7

5.99
?473.37
0.68






Examgle 3

A fluorescent Equi-Illumination Dimming System which re-
sponds to daylight input as well as light loss variations is
being considered for the perimeter zone of a large open office
area. Criterion illuminance of 60 footcandle on the desk is
desired and the total maintenance factor will be 80 footcandles’
minimum at the end of a three year cleaning cycle; thus 75
initial footcandles must be provided by the artificial lighting
system for times when daylight is not available. A total area
of 1400 square feet loaded at 1.8 Watt per square foot is to
be controlled by the same sensor. The power input vs light ..
cutput relationship is slightly non-linear, as shown in Figure
EX. 3.1. The lighting system operates from 6:00 a.m. to 6:00
p.m. five days per week. The off-peak energy rate is .048
dollars/kwh and on-peak rate is .064 dollars/kwh between the
hours of 9:00 a.m. and 1:00 p.m. Three input values of day-
light available in the space are sufficient to describe the
variation in daylight throughout the day, for both clear and
cloudy conditions. Daylight values, % clear sky and all other
input paramaters are included below in the listing of the in-

teractive terminal session.

% Light

Output 1007

50 -
80 <
70 4
60 -
50.
40 -
30 -
20 .
10 4

% Power Input

O 3 [ 1 i i i i 1 J i

0 10 20 30 40 50 60 70 80 %90 100

FIG. EX. 3.1. Non-linear relationship for flourescent
diming equipment
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IF DATA THFUT IS IN A& DATA FILE, ENTER FILE NAME:
USERTU/CATA/.../FILE

ELSE, LEAVE BLAMK

IF YOU WISH YOUR RESFONSES T0 RE SAVED INTO A FILE, ENTER FILE NAME: |
USERID/CATA/ ... /FILE

ELSE, LEAVE HLANK

= /LHL/EX3IN |
A FILE HAS HEEN CREATED WAMED:

JLBL/EX3TH

IF YOU WISH THE OUTFUT TO 60 TO & FILE, ENTER FILE HANE:

USERID/CATA/.../FILE ‘
ELSE, LEAVE BLANK |
= /LBL/EX30UT | |
A FILE HAS HEEN CREATED MAMED: 1
JLBL/EX30UT |

EMTER UF 70 & LIRES TO RBE PRINTED AS A HEADING ON THE DUTFUT;
#0 HORE THAH B0 CHARACTERS FER LIHE ‘
EHTER A BLAMK LIME AT THE ERD IF LESS THAN 5 LINES

=EXAMFLE 3

=CUHTLIRUOUS DIMMING NON-LINEAR RELATIONSHIP

=MATLIGHTING FRESENT '

=FILE ¢ ZLBL/EX3IN I

AREA AFFECTED BY COWTROL SCHEME (5Q. FT.)%
=1400

WILL CONTROL SYSTEM UNDER CONSIDERATION BE

CONTINUQUS DIHMING OR STEFPED CONTROLY

=LONT :
IS FOUER INFUT V5. LIGHT OUTRFUT & LINEAR OR NOHMLIHEAR RELATIOGNSHIF? \
=NON , H
INPUT THE RUMBER OF ORDERED PAIKS OF X PONER INPUT AND X LIGHT DUTRPUT
WHICH WILL BE USED TO DESCRIBE THE NON-LINEAR RELATIONSHIP.

=11
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THFUT 11 GRUEKED FATRS OF FOUER INFUT AND
LIGHT OUTPUT: POUERCZ), LIGHT (%)

=18 0

=23 10

=28 20

=35 30

=42 40

=47 50

=54 40

=44 70

=77 90

=88 90

=100 100

HAXTHLE ARTIFICIAL ILLUHINANCE AVAILARLE (FC)%

=75

MAYTHUA POUER AVAILABLE (UATTS/SR.FT.)7

=1.§

DOES CONTROL SYSTEM UNDER ANALYSIS RESFOND TO DAYLIGHTING?
=YES :
LONGITUDE OF SITE?

=2

NUMBER OF TIME ZOMES YEST OF GREEWWICH?

e 120

=3
Z CLEAR SKY PER iMONTH:

JAN FER HAR

=30 30 35

AFL HAaY JUH

=30 35 40

JLY AUG SEF

=60 55 50

OCT NOV BEC

=30 435 490

INFUT SKY CONDITION FOR DAYLIGHTING INFORMATION: CLEAR OK cLouny
=CLEAR
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DAYLLIGHTING INFORMATION UNDER CLEAR SKY CONDITIONS

MUMRBER OF VALUES OF NATURAL ILLUHINANCE TO IHFUT FOR EACH BAY
HOUR OF LLOCAL SUNRISE, MRZ
=4.7

NATURAL TLLUHINANCE AT: 9.
=40 83 110

HOUR OF LOCAL SURRISE, Jui
4.0

HATURAL ILLUKINANCE AT: 8.9 1.8 14.2
=80 95 130

HOUR OF LOCAL SUMKRISE, DC2Y

[2%]
—
—
-

~d
ey
b
)

—

=24

=74

NATURAL ILLUKINANCE AT: 9.5 11.5  13.4
=45 70 90

BAYLIGHTING INFORMATION UNDER CLOUDY SKY CONDITIONS

NUMBER OF VALUES OF NATURAL ITLLUHINANCE TO IRFUT FOR EACH DAY
=3

FOR MR

NHATURAL TLLUMINANCE AT: 7.
=30 40 43

FOR M2

HATURAL ILLUHINANCE AT: 8.9 1.6  14.2
=40 43 40

ForR  DE2A

HATURAL TLLUNINANCE AT: 7.

=25 35 40

jat)
—
-
.

N
-
-
-t

(441
—
-
.

(o1
—
ol
"

=

WILL SYSTEM BE WAINTAINED BEFORE THE END OF 5 YEAR CYCLE?
=YES '

HOU HANY TIMES?.  (NOTE: CLEANING HUST OCCUR AT YEAR END.)
=1

AT THE END OF WHAT YEAR(S) WILL THE SYSTEH BE HAINTAIHED?
=3
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INFUT HAINTENANCE FACTOR AT YEAR END FOR: YR1,YR2,YR3,YR4,YRS
{NOTE: BEFOKE YEAR EHI HMAINTENANCE IS DONE)

=,92 .87 .80 .92 .8/

INFUT HATHTENANCE FACTOR AFTER INDICATED

CLEANING AT END OF YEAR{S):YR3

=1.0

NUKBER OF DAYS PER WEEK BUILDING LIGHTING SYSTEHW IS UTILIZED?
HUHBER OF DIFFERENT DAILY COWTROL SCHEMES USED?
=1

FOR CONTROL SCHEHE NUHBER 1

HOURS OF CONTROL SYSTEM OPERATION: START,STOF?

=4 18

QUERALL CRITERIONM ILLUMINATIOH LEVEL?

=40

HUHBER OF DAYS OF THE WEEK CONTROL SCHEME 1 IS5 IN OFERATIONT
=15

IHFUT TYFE OF CONTROL: TASK, GCCUPANCY OR LOAD

OVERALL COST/KUR(DOLLARS)?

=.048

MUMBER OF TIME BLOCKS WITH A DIFFERENT COST/KWH?

=1

START TIME,STOF TIME AND COST/KUH (DOLLARS) FOR EACH BLOCK?
=9 13,044

CONTROL S5YSTEH COST LATA:

COST TO DESIGH CONTROL SYSTEACDOLLARS/SQ.FT.)?
=.12

COST OF CONTROL SYSTEM EQUIPHENMT(DOLLARS/SQ.FT.)T
=1.05 '

COST TO INSTALL CONTROL SYSTEH(DOLLARS/SQ.FTOT

=,30

DIFFEREMTIAL YEARLY MAINTENANCE COST OF CONTROL SYSTEM(DODLLARS/SO.FT.)T

=0
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SALUAGE VALUE OF THE CONTROL SYSTEM

AT THE END OF ITS ECONOHIC LIFE(DOLLAKS)?
=0

ECONOMIC LIFE OF SYSTEM(YEARS)?

=15

QVERALL THTEREST RATE(ZL)?

=15
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CONTINUDUS DIMHING NOH-LIHEAR RELATIDHSHIF

IAYL

EXAMFLE 3

IGHTING FRESENT

FILE ¢ /LBL/EX3IN

06/08/81

CONTINUOUS DIMHING
HOM-LIHEAR RELATIONSHIF: FOUER

L0 o2 B G B PO =

L

-
Cr 0O S D~

AREA AFFECTER BY CONTROLS: 1400.

HAXTHUM ARTIFICIAL ILLUNINANCE:
HAXTHUM POUER INFUT:

HAITNTEHAMCE FACTORS
AT YEAR EiD: YEAR

i%) LIGHT (%)
8.0 0.
3.0 10.0
8.0 20,0
5.0 30.0
2.0 40.0
7.0 50.0
4.0 0.0
6.0 70.0
7.0 80.0
8.0 50.0
0.0 100.0

g0 §Q. FEET

79.0 FOOTCANDLES
1.8 UATTS/8Q.FT.
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HATHTEHANCE FaCTOR
FOLLOWING INTERREZUIATE
CLEANING: 3 1.00

BUILOING IS IN OPERATION 5 DAYS PER UEEK

FOR CONTRDL SCHENME 1
fkqehdob b dep gk bbb b g

CONTROL SCHEHE STARTS AT 4.00 ARD STOPS AT 18,00
IN EFFECT 3 DAYS PER UEEK

NET EFFECTIVE CONTROL BLOCKS SPECIFIED

START STOF CRITERION FL VALUE
u
6.00 9,00 ] 50.0
9.00 13.00 L8000
13.00 18.00 f L 400

LONGITUDE OF SITE: B2.0

=

TIHE ZOMES UEST OF GREENUICH: &

HARCH 21 JUNE 21

LOCAL SUNRISE: 4.7 : b.

LOST/KUH

0.0480
0,0440
0.0480

e 2



INFUT TIMES AWI LIGHTING LEVELS: CLEAR SKY CONDITIONS

TIME FC TIHE FC

9.2 60.90 8.9 80.0
1.7 83.90 11.4 95.90
14.1 110.90 4.2 130.0

INPUT TIMES AND LIGHTING LEVELS: CLOUDY SKY CORDITIOHWS

TIHE FC TIHE FC
7.2 30.0 8.9 45,90
1.7 40.0 11.4 45.0
14.1 45.0 14.2 40.0

TIHE FC
9.3 43.0
1.5 70.0
13.4 70.0
TIHE FC
2.3 25.0
11.5 35.0
13.4 40.0

HONTHLY VARIATIOHS FOR YEAR 1
FRE R TR R T E S R H AR N B A N S

AOMTH ACL ACh KUHUSER RUHSAVED
JAN 30. 70. 928.93 140,463
FEX 30. 70. 434.11 170.69
HAR 3. 63. 416.72 252.88
AFL 50 §0. 3472.81 305.179
HAY iR 43. 334.34 335,25
JUN 60. 40. 318.90 329.10
JLY 60. 40. 328.93 - 340.67
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.14
.34
» 30
G7
.23
.4
.93

SAVINGS

8.238

9.92
14.21
16.89
18.47
18.15
18.78



AUG
SEF
o0cT
NOV
BEE

TOTAL KHH USED=
TOTAL KUH 5aVED=

L X LNOLNoLn

oL SO
= o w oa

S s B O 4 R
LN O oL
. s P

«

FONTHLY VARIATIOMS FOR YEAR 2
EREIR IR N S HE SRS 3 3 B SRR N T

JaN
FEB
HAR
AFL
HAY
JUH
JLY
AUG
SEP
gct
NOV
BEC

TOTAL KUH USED=
TOTAL KUH SAVED=

MONTHLY

JAN
FER
HAR
APL
HAY
JUH
JLY
AlG,
SEF
ocT
NOV
IEC

39
30
35
50
55
40
40
55
50
50
45

49

70,
70.
85.
af.
43.
40.
40.

43.

n
Lo N s B B )
a0 .

C~ wn wn

538.48
4690.37
443.09
362.99
351.43

333.54

344.647
338.37
385.30
456.95
208.99
963.48

VAERIATIONS FOR YESAR 3
ERUE o T O R H A o (R R 1 o

30
30

a

-

35.
30.

3.

40

60.
33,

G0

9.
43.
490,

A0.

S 70,

63.

- 50,

43.
49.
40.
43.
50.
30,
59.

6G.

608.25
453.19
469.30
380.94
370.04
3a2.92
363.76
376.05
405.463
487.7%
991,74
615.39

330.04
284.91
238.62
166.39
135.24

110.92
144.43
226.51
285.01
318.17
314,45
324.93
J11.43
262.70
212,45
139.901
106.12

41,35
109.45
200.10
267.04
299.56
293.08
305,84

293.593%

242,37

181.81
76,24

54.21
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17.50
18.790
22.1

o

24.465

27.33

28.462
23,45
22.82
18.48
18.07
17.14
17.71
18.43
17.80
23.40
26.00

28.77

31.09
25.38

24.13

17.54
18.99
13.0%
18,583
19.30
20.80
24.92
28.12
31.35

19.22
15.86
13.40
9.91
8.38

710
8.461
12.89
15.88
17.64
17.42
18.00
17.28
14.7%
12.32
B8.56
6.74

4.463
b.87
11.38
15.00
16.72
14.47
17,04
14.41
13.74
10.79
6.44
4.34



TOTAL KUH UBEL=

TOTAL RKUH SAVED=

947717

2406.83

MONTHLY VARIATIONS FOR YEAR 4
FIPAF O 2 3 B R R ST 3 R 91 50 1 o 3 O R 8 i 31 1 S H S

JAN 30.
FEH 30.
HAR 3a.
AFL a0,
Hay 35.
JUH 40.
JLY 60.
AUG ad.
SEF 50.
0cy a0,
HOV 43,
[EC 40.

TOTAL KUH USED=
TOTAL KUH SAVED=

2.
/0.
63.
50.
43,
40.
40,
45.
90,
a0.
39,
69,

528.95
434.1
416.72
342,81
334.34
318.90
328.93
339.54
363.09
430.%48
481.65
334.34

4834.39
3029.61

HONTHLY VARCATIONS FOR YEAR %5
R R R R R R J T 1 BV 1 1 R R T 2 T B

JAN 30.
FEB 30.
HAR 35,
AFL af.
HAY 33.
JUN 40 .
JLY 6.
AUG 55.
SEF 0.
0eT a0.
Hov 45,
BEC 44,

TOTAL KUWH USED=
TOTAL KUH SAVED=

0.
70,
§5.
50.
45,
49.
49,
43,
50,
0.
85,

40.

n

938,48
460.37
443.09
362.99
351.43
333.54
344.67
338.37
385.390
436,93
30B.99
963.48

9127.86
2736.14

140.463
170,49
252.98
305.19
335.24
329.19
340.67
330.04
284,91
238.62
166.33
135.24

110.92
144.43
2246.51
2B5.01
318.17
3t4.44
324.93
311,23
262.70
212,45
132,01
106.12

27.14
22.34
21.50
17.67
17.23
16.41
16.93
17.50
18.70
22. 1
24,63
27.33

8.58
.92
14.21
16.89
18.49
18.13
18.78
18.22
15.86
13.460
.91
8.38

7.10
8.51
t2.89
15.88
17.44
17.42
18.00
17.28
14.76
1:2.32
8.54
6.94



FIRST COSTS FOR CONTROL SYSTEH

DESIGN COSTS: 168,00
EQUIFHENT COSTS: 1470.00
INSTALLATION COSTS: 420.00

TOTAL DIFFERENTIAL HAINTEHANCE COSTS/YEAR:

CONTROL SYSTEH SALVAGE VALUE AT END OF LIFE:

ECONOHIC LIFE OF SYSTEM
OQVERALL INTEREST RATE:

ANNUAL ENERGY COSTS

—n et o -
Lot (] P = N0 03 N O~ QN b Gl B

i
|

|

f
|
|
j
|

i

1
I
j
|

|
|
1
|
|
|
|

f
l
E
|
J

A

}15.00
315.00

BASE SYSTEM
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CONTROLILED SYSTEH
: 249.50
| 243,07
i 280.40
249,50
| 263.07
| 280.40
; 249,50
| 2463.07
j 280.40
| 249,50
| 263,07
289. 40
249,50
263.07
280.40



TOTAL FRESENT WORTH(FUY COSTS ANE
SAVIHGS INVESTHENT RATIO (SIR) AT VARIOUS DIFFERENTIAL
ENERGY RATE INCREASES:

AT 0. I INCREASE/YEAR:

FU BaSE: 2438.70
PU CONTROLLED: 3995.22
SIR -0.55

AT 3.0 % IHCREABE/YEAR:

FU BASE: 291B.10
FU CONTROLLED: 3884.53
SIR -0.47

AT 6.0 % INCREASE/YEAR:

FU BAGE: 3423.74
FU CONTROLLLED: 4247.,28
EIR -0.37

Al 7.0 4 INCREASE/YEAR:

PU BASE: 4219.32
FU COMTROLLED: 4704.82
SIR ~0.24

AT 12.0 % INCREASE/YEAR:

FU BASE: 5138.38

FU CONTROLLED: 5284.,77

SIK -0.07
AT 15.0 % INCKEASE/YEAR:

FU BASE: C4307.20

PU CONTROLLED: 5022,83

STR 0.4
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ITI FOURIER SERIES CURVE-FIT VALIDATION

When a lighting control system which responds to day-
lighting is to be analyzed, daylight calculations must be
done to supply input to the program. In an attempt to mini=
mize the number of input points required, Fourier series
curve fitting is used to generate a complete curve from a
small number of equally spaced input points. Whether the
curve generated closely matches actual conditions over the
course of a day has a significant impact on how closely the
computer program will predict actual system energy savings.

Included are comparisons between actual measurements and
the Fourier series curve generated from a small number of
input points for two different daylighting conditions. Both
sets of data were taken on June 28, 1880 at the Pacific Gas &
Electric building in San Francisco. As can be seen from
Figures 1 and 2, the Fourie? series curve built from five
input points closely matched measured conditions, and the
curve dgenerated from onlj three input p01nts also does a
reasonable job for most of the points.

—-79-



P.G.E. ZONE 3
SOUTHWEST FACING
JUNE 28, 1980

CLEAR DAY - DRAPES CLOSED
Civilian Illuminance Civilian Illuminance
Daylight-Savings On Daylight-Savings On
Time Ceiling (LUX) Time Ceiling (LUX)
8:00 17.8 4:00 123.3
15 18.3 15 128.5
30 20.1 30 127.7
45 19.5 45 128
9:00 20.9 5:00 127.7
i5 21.4 15 127.5
'30 - 30 -~
45 22.9 45 127.6
10:00 22.5 65:00 118.4
15 21.3 -15 106.5
30 20.0 30 93
45 22.4 45 58.7
11:00 21.3 7:00 9.9
15 - 15 10.9
30 20.1 30 10.2
45 19.5 45
12:00 17.8 8:00 0
15 17.5 15 0
30 - 30 - 1.4
45 20.6 45 2.3
1:00 22.9 9:00 - 1.4
15 ‘ 24.5 15 1.6
30 - ' 30 0.8
45 33.3
2:00 40.9
15 49.2
30 -
45 70.9
3:00 84.7
15 96.5
30 ‘ -

45 - ~-80-~



DO YOU WISH TO CHECE INTERWEUIAIE tlics Uf

THE wni 10 SEE IF ToE FOINTS YOU IRFUT WILL

GENERATE REASONAELE ILLUAINANCE VALUES FOR THOSE TidESY
=VES

[HPUT THIC Hofoer OF DATLIBHTIHG CALLULATIONS

WHICH Y0U HOFE TO INFUT TO ixbheS5 THE DAYTLIGHTIHG
CRFeCTS FOR & Datr. (AN ODD HUMBER)

=

LONGITUDE OF S17F

HUMBER OF TIHE Z0OHES WEST OF GREERUICH
HOUR OF LOCwL SUNRISE, Jisi

a.53

HATURAL TLLUATHAHCE CALCULATED AT: 7.34 12.857 16.42

P ! A B Y t -
w2 4 dEY e

vice RENY THTERFGLATED POIATE wd YOU UISH TO CRECRY

THFUT Tine OF DAY FOR INTERFLuaTION CHECK

IRTERFOLATED TLLURINAHCE VALUE I5: 35.07
IHTERFULATED TLLURIMARCE VALUE Is: 11.72
7

ITHTERFOLATED TLLUNTHARCE Yalll I5: 15,00

: o1

E%;ERPDLGTED TLLUHTHARCE VALUE I5: 24,51
;stEFULﬁTED ILLUNINANCE VALUE I5: 24,76
=35

IéT&EPGLATED TLLUHIHANCE VALUE I5: 24.%0
;;TERPDLQTEﬁ IQLUﬁINHHCE VSLUE 153 24,50
;E;ERPGLHIED TLLUAIHANCE YALUE I8: 206,03
=10

I;iERPBLﬁTED TLLUATHARCE VALUE 182 14,85
=10.40

IHTERFOLATED ILLunifaiil vallc o .74

%
~Ei
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=7
IHTERFOLA TR
=1L

T ERyOLaTED
e
IHTERFOLATED

[

e
FHTERFOLATED
=) 3
THTERPOLATED
=135 .
THTERPOLATED
=14
THTERFOLATED
=14, 0
INTERFDOLATED
=13
ITHTERFOLATED
=i
INTERFOLATED
IHTERFOLATED
=1H.5
THTERFOLATED
poa l :.'
LHTERFOLATED
=FLG

IHTERFOLATED

=143
THTERFOLATED

LLLuf i RAHCE
TLLURTHAHCE
ILLURTHAHCE
TLLiUnI#RRCE
TLLUK THGHGE
TLLUH THANCE
TLLUKTHANCE
TLLUKTHANCE
LUK HARLE
Ti.LUKTHAKCE
TLLUNTHANCE
LLLUR T HiLE
TLLUATHARCE
LLL i THANCE

[LLUHTHANCE

cd YLLUHIHARCE

IHTERPOLATED
=4
IHTERFOLATER
=21)
THTERFOLATED
=305

IHTERFOLATED

PP lE T ueT
g ldaice

TLLUH G NARCE
TLLUHIHANCE

TLLUHIRANCE

UisLUE

v UE

VaLUE

YL lE

VALLE

YALUE

VALUE

VaLUE

VALLE

Vil UE

VALUE

VaLUE

VSLUE

Ia: ZG.

tay 49,

I5: Gé.

I5:127.
15212

VaLle 15

VALUE s

VALUE

VAaLUE

UaLUE

VALUE




DEOTOU Wisd V0 CHECK IMTERAEDIAZ TIMES OF
THE DAY TG SEe [F THE POINTS YOU INPUT WILL

GEHERATE REASOHAELE TLLUMINANCE VALUES FOR THOSE TIMES?

=YES

THFUT THE HUMRER OF DAYLIGHTIHG CalUuiailuds

JHICH ruu HOFE TO INFUT 70 EXPRESS THE DAYLLIGHTING
EFFECTS FOR & paY.(aN 00D HUMEER)

= 1{:w—~»—~

LORGITUNE oF =itk

£ e v AAE ZORES UEST OF GREcHdICH

HUR OF LOCAL SUMRIGE, JHZY

=5.83

HATURAL TLLUNMINAHCE CALCULATED AT: 8.13 10,34 12.87 15.24 17,40

I T S R X =
=153 D diL 790w

Moy Baid TATERPOLATEL POINTS DO YOU WISH TO CHECKT
=30

THFUT TIAE OF ©aY FOR IATERFUOLATIOH CHECK

I CRrunAa TED TLLUATHANCE Vallc 152 i.46

=h.

THTERFOLATED ILLUMIRAHCE VALUE IS5 5,77
IMTerrOLATED TLLUnIRAHCE VALUE IS: 10,07
THTERPOLATED TiiUnleatue VALLE I5: 14,46

w3y .

TTERFOLATED TLLURTHAHCE Valile I5: 18.07

v 7 =
)

127

THTERFOLATE L TLLUAIRARCE VALUE Qns 21,12
i

IéT@RPULATED ILLURINANCE YALUE I5: 23.01
E;%gRPDLﬁTED ILLUKIHANCE VALLE I5: 23.44
=10

Ié%ERPULﬁTED TLLUNIHANCE VALUE. I5: 22,39
=10.%

THTLERFULE b tLidaldlatice valUE I5: 20.1Y
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=7

LHTERFU ATES
=115
INTERFDLATED
THiERrULAlED
S DR
THTERFOLATED
=13
TrreRFOLATED
=13.5
ITHTERFOLATED
=4
TWTERMGLATED
L
IHTEAFDLATED
=13
INTERFULATED

= -l =

Jad
INTERFOLATED
=14
ITHTERFOLATED
=1¢,.9
LikRruldeh
=17
THIcRFOLATED
=170
THTERFOILATED
=1
INTERFOLATED
=185
THTERFOLATEL
=Y
IHTERFOLATED
=195
THYCRFOLATED

=20)

INTERFOLATERD
H=A
IHTERr DLATED

TLLUKTRAHCE
TLLUH THANCE
TLLUALHARCE
ILLURIHANLE
TLitn [HANCE
PLLURIMAHCE
TLLUKINANEE
TLLUKTHARCE
TLLUNINANCE
TLLUHINANCE
TLLUNINANCE
I LunrTNARCE
TLLUATHANGE
[LLUA THANGE
TLLURIHARLE
L LUATHENCE
TLLUHTHARCE
[LLUNTHARCE
TLLUALHANCE

HoLLin i HANCE

VALUE
VALLE
Vibife
VALLE
YaLlE
YALLE
ViaLUE
UALUE
VALLE
VALUE
VaLUE
VALUE
UaLUE
Yaldt

LUl

VaLlEe |

VaLlUE

VELLE

VELUE

VALUE

69,0

87,3



(sanoy)

DWTT,

Lc

: 0861

g7 ounp uo Aep 19O
‘¢ suoz *m 3°9H°d WOIJ uLyel sjutod poinsesy
pojeiauab saAINd m@ﬁgwm J9TINOJ "SA SeNTEA pIINSEIUW T[BNIDR JO uos 1 aedwo)

9t
1

Gl
i

/‘posoro sadeiap ‘bHbutor I1S3MYUINOS
gjutod Indut ¢ pue ¢ wWoId

T

“bryg

jie

cBYaS VAN Ahea ©§ 7 - - X7

ZIHES M AMYaod ANod © ’ )
SamMYA GTIOS YT TWOLDY  cemt—e—t L/ni

-0l

~0¢

~0€

-0

-
o
™~

-85

—-08
-06
—-00L
~0Ll
-0¢lL
-0€L
-0PlL

—-0Gl
(PF) m




P.G.E. ZONE 4
SOUTHEAST FACING
JUNE 28, 1980

CLEAR DAY - DRAPES CLOSED
Civilian Illuminance Civilian Illuminance
Daylight-Savings On Daylight-Savings On
Time Ceiling (LUX) Time Ceiling (LUX)
8:00 82.1 4:00 40.5
15 97.9 15 41.1
30 109 30 41.2
45 115.9 45 40.6
9:00 121.2 5:00 40.1
15 123.5 15 39.9
30 - 30 -
45 133.1 45 33.5
10:00 135.5 6:00 28.5
15 135.4 15 25
30 136.4 30 23.2
45 136.4 45 19.8
11:00 134.1 7:00 16
15 128.7 15 16.7
30 119.5 30 9.6
45 113.1 0
12:00 104.7 8:00 0
15 95.7 15 - 1.5
30 - 30 - 1.5
45 66.5 45 2.5
1:00 56.2 9:00 -3
15 ' 49.2 15
30 - - . 30
45 44.3
2:00 44 .4
15 40.1
30 -
45 38.9
3:00 39.9
15 39.5
30 - -86-

45 -



GU ool WISH T DrlevK THTERMELIwiL
THE TaY du ¢ - bdl FOTHTS 70U I
REHERATE FEASUMmuLl Lloyalitner VALl

SEE
SE Timtus
]

T T THE tiinslR OF OATL IO 1o CALCULATIONS
HH?F% pouw HOTE T8 ldrud 70 EZR THE DR L IGHTIRG
(5 OFLE s wng.und ODD HURBE

TiuE FUdES WEST OF Gl

SHHRTSE. Jilzi

LLL“HIHﬂlJL CalCUtaibt me: .34 13.8Y 15,472
41,

MU i IHIEnruLHluﬂ FOTNTS DO ol dian 7O CHEDKY

e dt O TTRE UF Doy FOk THORRFOLAT IO Uhcli

e uLATED lLLunIibaelE valllE 15 ¥,

o
e

ILLUHTRaHCE

ILCURTHSHDE valle 1

TLLURTHANCE VALLE IS: B&.dd

THTERFOLATED TLLURIRARCE VALUE T5:103.493
THTERPOLATED TLLURTHAHCE WaALUe is:iiu.va

tAibErtlateD TLLURRAHECE UailE I5:1z2:2.4

TERCOLATED (LLUATHARCE VALUE T5:123.21
EXY)

IHTEEFQ&HTE& PLbUATieicE YRl ihior¥. 14

CULATED fuLuwdlnsiicE YALUE TH:sitv. bl




IHTERFULATED
w2

I fERPOLATED
ELL

I ERFULATED
=125
THTERFOILATED
=13
IHTERFOLATEL
=135
THTERFOLATED
=14
THTERFOLATED
=145
ITHTERFOLATED
=15

Itk FOLATED
=115.5
THTERPOLATED
=14
IHTERFOLATED
=1a.0
THTERFOLATED
R
IHTERPOLATED
=170
THTERPOLATED
=18
ITHTERFOLATED
=i,
IHVERFOLATED
=14
THTERFOLATER
=1L
THTERFOLATED
w0
TMTERFOLATED
=20,

THTERFOLATED

UL THAREE
TLLUATHARCE
TLLURTHAHLL
TLLUKTHANCE
LLLUATHANEE
ILLUKTHARCE
1LLUKTHANCE
ILLUN INARCE
ELLU LHADE
[LLUHINARCE
T LU TeaneE
TLLUATHARDE
[LLURT N
ILLURTNANCE
TLLUAIHANCE
ILLLALHARCE
(LUK THANCE
TLLUNINANCE
ILLLKTHANCE

ILLbalaAiue

Ve

VALUE
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00 (0L WISH TO CHECK INTERWEwinlE TIMES OF

THE DA7 Ty ofE IF THE FUS#I3 YOU INFUT WILL

GEWEKATE REASOMABLE ILLUMIMANLE VALUES FOR THOSE TIMES?
=TES

IHFUT THE HUMBER OF DATLIGHTING CALCULATIONS

wiLlTil YU HOFE TO INFUT TO EXFRESS THE DAYL1GH(ING
EFFECTS FOR 4 DAY.(AH ODD HUHBER)

=5 €—

LONGITUDE OF SITE

=122

WUNEER OF TINE Z0MES WEST OF GREEMWICH

Huilf OF LOCAL SUMRISE, JiZi

=5.83

HATURAL TLLUWIdaiCL CALCULATED AT: 8.1d 10.54 12.8% 15,24 17,40 .-
SFPLP 13404 Be.l dv.n 3

HUY WARY IHTERFOLATED FOINTS 1O YOU WISH 10 CHECKY

=50
IMFUT TINE OF DAY FOR INTERPOLATION CHECH
INTERFOLATED TLLUMINANCE VALUE I%5: &.351

=405
THTERFOLATED TLLUHTHANCE YaLle 15: 24.90

IrTERFOLATED TLLUATRAHCE VALUE 155 46.53
w1

THTERFOLATED TLLUAINANCE VALUE 185: 68.18
E

LHTERFPOLATED TLLUHINANCE Vacue 15 90011
2.5

THTERFOLATED 1LLUATHANCE ValUE I5:110,42

sl 7‘
IRt RFOLATED TLLURTHARCE vALUE I5:127.40

[T
=Fad

THTERFULATED [LLURIHANCE YALUE 13:135. 36
=10

LHTERPOLATED ILLURLHAREE VALUE 18:141,75
=10.5

Tl ERFOLATED TLLUMTRAHUE vabdd [54137.04




?&%E@PDLH!ED
EAEEEPDLATED
EéfﬁanLATEn
;é;égPULﬁTED
E%?ERPDL&TE@

=135

IHTERFOLATED
=14
THTERFOLATEL
214,75
THtrFulaTED
=13
THTERPOLATED
=15.5
IHTERFOLATED
=14
THTERFOLATED
={4.5
THTERFOLATED
=
LHTERFOLATED
=175
THTERFOLATED
=1§
IMTERFOLATED
=18.5
THTERFOLATED
=1
THTERFULATED
19,5
LHTERFOLATED

TLLUHTHANCE
TLLUHATHANCE
TLLURINANCE
TLLUATHARCE
LLLUHINANCE
ILLUKINANCE
TLLURT AL
TLLURTHANECE
iU tMANCE
TLLURTNGRCE
ILLUATHAHCE
ILitaldance
TLLURTNARCE
TLLURIHANCE
ILLUBINAHCE
ihbdpiranie
TLLUAIRANCE
TLLUKIHANDE
LLLUATNANCE

TLLURTHARCE

Vallt

YaLUE

V&LUE

VALUE |

YiaLUE
VaLLE
VALUE
VALUE
Yaliit
YaLLE
VaELUE
ValUE
ViaLUE
VaLLIE
VaLUE
yiaLUE
VALLE
VALLE
VALUE

ViaL bk
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IV  DESCRIPTION OF DAYHELP OPTION

The main program reqguires daylighting input at certain
times of the day, centered around solar noon, but does not do
the actual daylighting calculations themselves. Because of
this, the times of the day for which daylighting values are
expected must be known so that these values can be obtained
prior to running the main program. Program DAYHELP serves
this function by supplying the proper times of the day, given
the site location and the civil sunrise for March 21, June
21, a2nd December 21.

Another capability of DAYHELP is that of testing the
reasonablness of an Ep curve built by Fourier series tech-
niques from a small number of calculated input data points.
Once daylighting values are known for the required input
times, the total Ep curve can be constructed and intermediate
times can be checked for the interpolated value of Ep built
by the series. 1In this way, a determination can be made as
to whether the few data points specified represent actual
conditions close enough, or if more data points must be input

to build the curve.

An example of the use of this program, which is in the
interactive time sharing mode, is included below. As these
options are independent of each other, some input data must

be repeated for each option.

DO YOQU NEED HELP IN DETERMINING THE APPROPRIATE

TIMES FOR WHICH DAYLIGHTING CALCULATIONS MUST BE DONE?

=YES o g

HOW MANY DAYLIGHTING CALCULATIONS DO YOU HOPE TO DO FOR EACH DAY?
=3

LONGITUDE OF SITE

=100

NUMBER OF TIME ZONES WEST OF GREENWICH

= 7 ' ]

HOUR OF SUNRISE IN CIVIL TIME MR21

=7 )
-93_



CALCULATE NATURAL ILLUMINANCE AT:
HOUR OF SUNRISE IN CIVIL TIME,

=6
CALCULATE

HOUR OF SUNRISE IN CIVIL TIME,

=8

9.29

JIN21

NATURAL ILLUMINANCE AT

8.69

DC21

CALCULATE NATURAL ILLUMINANCE AT:

DO YOU WISH TO CHECK
THE DAY TO SEE IF THE POINTS YOU INPUT
GENERATE REASONABLE ILLUMINANCE VALUES FOR THOSE TIMES? ~

=VES

INTERMEDIATE

9.63

11.79 14.26

11.69 14.69

11.63 13.63

TIMES OF

WILL

INPUT THE NUMBER OF DAYLIGHTING CALCULATIONS
WHICH YOU HOPE TO INPUT TO EXPRESS THE DAYLIGHTING

EFFECTS FOR A DAY.

=3
LONGITUDE
=100

OF SIT®

(AN ODD NUMBER)

NUMBER OF TIME ZONES WEST OF GREENWICH

=7 -

HOUR OF SUNRISE IN CIVIL TIME,

=7
NATURAL TLL
=75 198 125

UMINANCE CALCULATED AT:

MR21

9.29

11.79 14.29

HOW MANY INTERPOLATED POINTS DO YOU WISH TO CHECK?

=13

INPUT TIME OF DAY FOR INTERPOLATION CHECK

=7
INTERPOLATED
=3
INTERPOLATED
=9
INTERPOLATED
=10
INTERPOLATED
=11

- INTERPOLATED
=11.5
INTERPOLATLD
=12
INTERPOLATED
=12.5
INTERPOLATED
=13
INTERPOLATED
=14
INTERPOLATED
=15
INTERPOLATED
=15
INTERPOLATED
=17
INTERPOLATED

ILLUMINANCE
ILLUMINANCE
ILLUMINANCE
ILLUMINANCE
ILLUMINANCE
ILLUMINANCE
TLLUMINANCE
ILLUMINANCE
ILLUMINANCE
ILLUMINANCE
TLLUMINANCE
ILLUMINANCE

ILLUMINANCE

VALUE

VALUE

VALUE

VALUE

VALUE

VALUE

VALUE

VALUE

VALUE

VALUE

VALUE

VALUE

VALUE

Is:

IS:

IS:

IS:

IS:

Is:

IS

IS:

Is

IS:
I5¢
_IS:

Is:

_GA_

8.61
46.28
70.65
81.95
89.84

85.79

:193.38

112.21

:129.63

127.51

107 .60

55 .80

-15.89




The graph of Figure A.l shows what could happen with
only three input peints. Although the Fourier series repro-

duces the input data points exactly, the "reasonable" curve

created from these points may, in fact, differ quite a bit

from the actual E, curve known from calculations or measure-

-ments. When variations this large exist, the user should

E
c

probably increase the number of input values of E, needed to

construct the curve.

(£c)
140
130
120
110
100

90
80
70
60
50
40
30
20
10

Time

Fig.

7 8 9 10 11 12 13 14 15 16 17 18

A.l1 Solid line represents curve created by

Fourier series; dashed line represents
known daylighting variations over the
day. Points circled are input values
of Ep

—95_

{(hours)






vV  CONCLUSICN

This report, along with the delivery of a computer tape
of the FORTRAN code of the program completes the requirements
for work to be done in the Technical Scope of Work for sub-
contract 4500910. 1In that sense, this signals an end to the
project, but it also means the beginning of perhaps a more
important one - supplying the program for use in the public
domain. This project can be considered a success only after
the program has been tested enough to be error free and then
supplied to those interested in using it. The d velopers of
the program see it as a very useful tool to assist in the
lighting design process, and its general use should greatly
enhance the energy related énalysis of lighting control

systems.

Further testing of the program by several users is
necessary to surface any remaining flaws in the code and
comparison calculations against other test installations will
also prove useful. With the increasing availability of large
quantities of daylighting information, a more accurate model
of yearly variations of energy consumption might be possible
by altering the current program to accept more daylighting
input values.
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